Isocheles sawayai is a hermit crab that is occasionally mentioned in the literature, and recently its distribution was extended to Venezuelan waters. Because no information on the biology and shell use patterns of this species inhabiting Caribbean waters is available, we provide the first information on shell occupation patterns of I. sawayai from Venezuela. Specimens were collected monthly from January to December 2000 along the sandy shore of Margarita Island, Venezuela. The 942 specimens collected showed different shell use patterns between the sexes and according to the reproductive condition of the females. The gastropods Leucozonia nassa (37.37%), Engoniophos unicinctus (25.37%), Nassarius vibex (4.88%), Melongena melongena (4.25%), and Stramonita haemastoma (3.82%) represent 76% of the total occupied shells. Of the total of 26 different shell species occupied by I. sawayai, males were found occupying 21, while females were found occupying all 26 shell species. In general, both sexes most frequently occupied L. nassa and E. unicinctus. However, the percentage of females occupying these shells was significantly higher than that of the males. Regression analyses showed the best correlation between crab size, shell aperture width, and shell internal volume. The current comparative investigation, in combination with other South Atlantic populations of I. sawayai, provided further evidence of shell use adaptation in hermit crabs from different areas, and increases our insight into shell use of shallowwater hermit crabs.
IntroductIon
Hermit crabs are an interesting group from a biological and evolutionary viewpoint, especially in regard to their intriguing mechanisms of shell use. The borrowed shells of gastropods provide protection against predators and physical stress, and often constitute a limiting resource for hermit crabs (e.g., Reese 1969 , Vance 1972 , Fotheringham 1976a , Bertness 1981a in terms of growth, reproduction, and social behavior.
Although many studies have been published on hermit crab shell occupation worldwide, the parameters by which a particular shell is chosen by a hermit crab are not completely known (Meireles and Mantelatto 2005) . Studies on gastropod shell availability, patterns of shell use and selection, and the relationship between these factors constitute an initial part of a long-term effort undertaken to identify and clarify important parameters affecting this process (Mantelatto and Meireles 2004) . The patterns of shell use vary among hermit crab populations and are influenced by several factors, such as the type and size of available shells, the inhabited area (intertidal or sublittoral area), and the hermit crabs' shell preference .
The genus Isocheles Stimpson, 1858 is known taxonomically, but there is a lack of basic biological information. For the five species in the genus reported in American tropical and subtropical waters, there are only brief references concerning their distributions (see Forest and Saint Laurent 1968 , Nucci and Melo 2000 , Guzmán 2004 , and a recent study on molecular phylogeny (Mantelatto et al. 2006) . In relation to Isocheles sawayai Forest and Saint Laurent 1968 , the available information is restricted to data on specimens from the Brazilian coast that deals with the morphology of larval stages (Negreiros-Fransozo and Hebling 1983) , shell use (Pinheiro et al. 1993 , and records of intersex individuals (Fantucci et al. 2007 ). Although shell use by hermit crabs has been examined in other areas of the world (see Mantelatto and Garcia 2000 for review) , to our knowledge no detailed and systematic study has been carried out on the hermit crab fauna of the Caribbean or Atlantic region of Venezuela. Here we report the first observations on the patterns of gastropod shell occupation by a population of I. sawayai inhabiting the sandy shore of Isla Margarita, Venezuela, with emphasis on morphometric relationships between hermit crabs and their shells.
MAterIAls And Methods

Study Area
La Restinga Beach is located in a northern cornice of Margarita Island, Venezuela on the Caribbean Sea (10 º 57' N -11 º 03' S, 64 º 01' -64 º 12' W; Figure 1 ) and is open to northwest trade winds. The beach is formed by a flat sand fringe that separates a hypersaline lagoon from the ocean, has a total surface area of about 30 km 2 , and is the largest beach in Nueva Esparta Province. The mean water temperature during collections was 26 °C and the salinity was 34 ppt.
Sampling Procedures
Specimens of I. sawayai were collected monthly during daytime on La Restinga Beach from January to December 2000 at random locations along the beach over a distance of about 200 m. A minimum of 70 individual hermit crabs were captured by hand each month. After collection, the animals were transported to the Crustacean Laboratory of the Universidad de Oriente and preserved in a 5% solution of formalin in sea water. Each individual was removed from its occupied shell, sexed, wet weighed (WW, g), and the cephalothoracic shield length (CSL, mm) was measured to the nearest 0.05 mm using a caliper. The reproductive condition of each female (ovigerous, non-ovigerous) was also recorded.
Shell Study
Shell species were identified according to the descriptions in Warmke and Abbott (1962) , Abbott (1974) , and Morris (1975) , and confirmed by a specialist. The measurements were made according to Imafuku and Ando (1999) and Mantelatto and Garcia (1999) : Total Shell Length (TSL, mm); Shell Maximum Width (SMW, mm); and Shell Dry Weight (SDW, g). Shell Internal Volume (SIV, cc 3 ) was measured by the method suggested by Bertness (1981b) , and involved determining the volume of sand (known weight) required to fill an empty shell. Shell Angle Tip (SAT, degree) was measured according to Asakura (1995) . An empirical scale was used to evaluate the physical state of shell condition, from 1 for perfect shell condition to 6 for severely damaged.
Data Analysis
To determine correlations among hermit crab dimensions and shell variables, regressions Y = a•X b and correlation coefficients were calculated. The percentage of occupied gastropod shells was estimated based on the total number of individuals collected. The Shannon-Weaver Diversity Index (Margalef 1974) , based on the number of gastropod species used by I. sawayai, was also calculated. The occupancy of shell species by hermit crabs (males, non-ovigerous females, and ovigerous females) was tested by the chi-square test and the mean size of both sexes was compared by Mann-Whitney Utest (Zar 1996) . The level of significance was 0.05 for all tests.
results
Of 942 hermit crabs collected, 171 were males (18.15%), 164 were non-ovigerous females (17.41%), 600 were ovigerous females (63.69%), and the sex of 7 was undetermined (0.74%). Males and females had a CSL ranging from 1.70 to 7.35 mm and from 2.15 to 8.75 mm, respectively. Males were significantly larger than non-ovigerous (U = 17167.6, p < 0.01) and ovigerous females (U = 18985.3, p < 0.01).
Isocheles sawayai occupied shells of 26 gastropod species. Leucozonia nassa, Engoniophos unicinctus, Nassarius vibex, Melongena melongena, and Stramonita haemastoma represented 75.69% of the total shells obtained. The great majority of hermit crabs (95.55%) occupied 15 of the 26 shell species (Table 1) . The shell species used least frequently were Fusinus closter (0.74%), Cancellaria reticulata (0.53%), Olivia reticulatus (0.42%), Terebra cinerea (0.32%), Fasciolaria tulipa (0.21%), Ancilla tankervilli (0.11%), Cymatium parthenopeum (0.11%), Murex spp. (0.11%), Ceritium eburneum (0.11%), Conus jaspideus (0.11%), and Tegula lividomaculata (0.11%). These 9 species of infrequently used shells plus 2 unidentified ones were designated as "others."
The number of shell species occupied per month by I. sawayai ranged from 12 (September) to 18 (April). Leucozonia nassa, S. haemastoma, and Stramonita rustica showed the highest frequency of occurrence (12/12) during the study period (Table 1). Of the total shells analyzed, 16% were covered externally by epibionts (bryozoans in most cases), 50% were generally damaged, and only 34% were in a perfect state of condition.
Morphometric relationships between hermit crabs and used shells were statistically significant, but with low correlation coefficients (Table 2, Figure 2 ). Of these, the relationships SMW versus CSL and SIV versus CSL turned out to best describe the association between hermit crabs and their shells. Although significant, SAT versus CSL (r = 0.29) did not seem to generate much information concerning the population.
Males and females (χ 2 = 90.71; p < 0.001; permutation test = 0) as well as ovigerous and non-ovigerous females (χ 2 = 30.59; p < 0.001; permutation test = 0) showed different shell use patterns (Figure 3 ). Males were found occupying 21 of the 26 collected gastropod shells, whereas females (ovigerous as well as non-ovigerous) used all the shell species collected. The mean Shannon-Weaver diversity (H') of shells occupied by I. sawayai was 1.67 ± 0.16 bit/ind and ranged from 1.51 to 2.07 bit/ind. High values of H' indicate the population occupied a wider variety of shell species. In general, males and females of I. sawayai inhabit L. nassa (19% ♂; 42% ♂, respectively) and E. unicinctus (16% ♂; 28% ♂, respectively) most frequently; the percentage of females using these two shells was significantly higher than that of males (χ 2 = 25.23; p < 0.001; permutation = 0.006 and χ 2 = 14.92; p < 0.01; permutation = 0.05; respectively). The use of E. unicinctus by ovigerous and non-ovigerous females was statistically different (χ 2 = 16.49; p < 0.01; permutation = 0.01). However, there was no evidence of a difference between the reproductive state of females and their occupation of L. nassa (χ 2 = 7.09; p < 0.31; permutation = 0.34). The variability of shell species used decreased as the hermit crab size increased (Figure 4) . However, in the smallest size class of hermit crab the shell variability was limited by the availability of small shells.
dIscussIon
In general, I. sawayai occupied a wider variety of shell species compared with other hermit crabs from tropical and subtropical areas (Table 3) . Although shell availability was not evaluated, intense occupancy of some species of gastropod shells would indicate active selection behavior in I. sawayai in the field. Isocheles sawayai is a medium-sized hermit crab; this size may increase the possibility of finding adequate shells compared to larger crabs that are forced to look for larger shells.
Judging from the large number of shell species used, it could be expected that high gastropod shell diversity is available at La Restinga Beach; however, neither living gastropods nor empty shells were found in the field during the present study. The present study revealed a high variation of shell use in this hermit crab population. Generally, when there is good availability of resources (i.e., empty shells, live 
Figure 2. Regression plots between cephalothoracic shield length (SL) of Isocheles sawayai and total shell length (TSL), shell maximum width (SMW), shell dry weight (SDW), shell internal volume (SIV), and shell angle tip (SAT).
gastropods, and high diversity of occupied shells), the most common pattern observed is an occupation of adequate and undamaged shells by the hermit crabs (Mantelatto and Meireles 2004) . However, this condition was not observed in the population studied: a large number (76%) of damaged shells were found, and no preference for occupation of these shells by either sex or ovigerous females was observed. A similar pattern has been described for other hermit crabs from different areas worldwide (Vance 1972 , Bach et al. 1976 , Martinelli and Mantelatto 1999 , Mantelatto and Meireles 2004 . According to Scully (1979) , the occupation of damaged shells increases the probability of interactions and shell exchanges within a population, affecting both protection and reproduction of the resident hermit crabs. For example, in situations where shell availability is limited, we expect to find a greater use of damaged shells (Hazlett 1966 , 1970 , Childress 1972 , Bertness 1981b . Specimens of I. sawayai need heavy shells to survive the strong waves on an exposed sandy beach. The observed pattern of occupation of damaged shells suggests that competition for shell resources made occupation of inadequate shells essential. The natural occurrence of hermit crabs in specific gastropod shells may be a consequence of a preference for such shells and of their relative abundance in the appropriate size range with respect to crab abundance (Conover 1978) . We can conclude that the population of I. sawayai at La Restinga Beach most probably displays intense shell exchange mechanisms. One intriguing question arising from this study is, where does I. sawayai obtain shells? The crabs may obtain their shells from several different sources: 1) empty shells could be available from El Saco to the West via migratory movements parallel to shore (see Figure 1) ; 2) the action of waves and currents have an important role in shell transportation from different areas (rocks, mud sediments, and lagoons) such as northwest of La Guardia Bay to the east (see Figure 1) , where the most frequently available shells are those more susceptible to physical action (waves and currents); 3) shells may come from older shells deposited in the sediments in the area; and 4) shells may come from intraspecific exchanges. These factors may influence shell availability at La Restinga Beach. Provenzano (1959) reported a high occupation rate of Stramonita gastropod shells by I. wurdemanni in Bermuda. Similar results were reported for I. wurdemanni in Stramonita floridana shells (95.6% occupancy; Caine 1978) in Florida, and in Brazil (49.9% occupancy; . The genera Stramonita, Leucozonia, and Cymatium occur over a wide latitudinal range, and their shells are commonly occupied in noticeably high percentages by pagurid and diogenid hermit crabs (Grant and Ulmer 1974 , Bertness 1982 , Negreiros-Fransozo et al. 1997 , Mantelatto and Garcia 1999 ); thus it is not surprising that they would also be suitable for the hermit crab population studied here. The presence of live individuals of Stramonita and Leucozonia in the rocky shore regions of El Saco and La Guardia peripheral to the study area (see Figure 1) can be considered as potential sources of shells appropriate for I. sawayai, although proper studies have yet to be done. The genera Terebra, Murex, and Melongena are frequent, but not abundant, in some other reports of shell use by tropical hermit crabs (Provenzano 1959 , Fotheringham 1976a , Caine 1978 , Bertness 1982 , reflecting a similar pattern found in the population studied here. Unfortunately, there are no data or detailed studies available on gastropod species in this area for comparative analysis.
From the results obtained here, we can infer that I. sawayai inhabits a wide variety of shell species, but tend to occupy shells of specific species (L. nassa and E. unicinctus). From published reports it is evident that, in nature, each species of hermit crab preferentially occupies one or a few species of shells, as reported for Paguristes tortugae by Mantelatto and Dominciano (2002) , Calcinus tibicen by Garcia and Mantelatto (2000) , Pagurus brevidactylus by Mantelatto and Meireles (2004) , and I. sawayai by . These patterns of occupation are related to preferences for specific shells and/or the abundance of appropriate shells in the habitat. However, in the case of I. sawayai, the reasons cannot be precisely determined by the study methods used, so further experimental studies dealing with these questions are necessary.
Differences in shell weight are known to encourage use patterns and may affect reproduction of hermit crabs. According to Fotheringham (1976a) , shell weight directly affects the amount of energy available for reproduction; crabs carrying heavier shells must shift energy to activities such as locomotion and the search for food. Males of I. sawayai were found occupying heavier shells than females and juveniles, probably because of their larger size as well as their numerical dominance or status in the population . Furthermore, larger shells are less subject to displacement by water movements. Larger males preferentially occupied M. melongena, probably because of both its ornamental shape (triangular-ovate body and triangular aperture) and medium size. Ovigerous females clearly preferentially occupied L. nassa and E. unicinctus, but only up to 6.5 mm CSL. Males also showed a higher diversity of shells used (2.27 bit/ ind) compared with non-ovigerous females only (1.66 bit/ ind). It is possible that males change shells more frequently as a consequence of their faster growth as they increase in size and require new and larger shells.
For females, the tendency to occupy larger and heavier shells is related to the space available to contain more eggs (Mantelatto and Garcia 1999 (1976b), and Garcia (1999, 2000) . We infer that ovigerous females of I. sawayai are more selective regarding shell use in order to 1) reach optimal shell size, 2) use a shell shape that provides a better fit for the crab body shape/size, and 3) allows a better space to carry their broods, as observed in other pagurids of similar size (Dominciano and Mantelatto 2004) . In other words, nonovigerous females may go through a transition period when they look for the appropriate shell to brood their eggs.
In conclusion, we postulate that I. sawayai in the La Restinga Beach area shows intense competition for appropriate shells through shell exchange, but concentrated on two gastropod species. The shell use pattern of this species varies between the sexes and the reproductive condition of females. In general, the population inhabits shells of L. nassa and E. unicinctus, but this occurs mainly for all the ovigerous females. There was a significant size relationship between the hermit crab and its shell, principally with respect to shell width and internal volume.
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